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Abstract 



The CP violating asymmetries in the b — ► d£ + £~ decay, when one of the leptons 
' is polarized, is investigated using the most general form of the effective Hamiltonian. 

The sensitivity of the CP violating asymmetries on the new Wilson coefficients is 
^ , studied. 
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1 Introduction 



Rare B meson decays, induced by the flavor changing neutral current (FCNC) b — > s(d) 
transitions, provide one the most promising research area in particle physics. Interest to 
rare B meson decays has its roots in their role being potentially the precision testing ground 
for the standard model (SM) at loop level and looking for new physics beyond the SM [1]. 
Experimentally these decays will provide a more precise determination of the elements 
of the Cabibbo-Kobayashi-Maskawa (CKM) matrix, such as, V tq (q = d, s, b), V u b and CP 
violation. In FCNC decays, any deviation over the SM results is an unambiguous indication 
for new physics. The first observation of the radiative B — > X s 7 decay by CLEO [2], and 
later by ALEPH [3], have yielded [V^V^I ~ 0.035, which is in confirmation with the CKM 
estimates. 

Rare semileptonic decays b — > s(d)£ + £~ can provide alternative sources for searching new 
physics beyond the SM, and these decays are relatively clean compared to pure hadronic 
decays. The matrix elements of the b — > s£ + £~ transition contain terms describing the 
virtual effects induced by the ti, cc and uu loops, which are proportional to |T4j,T^*|, [KaKsI 
and |V^&V^*J, respectively. 

Using the unitarity condition of the CKM matrix and neglecting [V^l^* | m comparison 
to | V^foV^* | and | V^, V^.* | , it is obvious that, the matrix element for the b — > s£ + £~ decay 
involves only one independent CKM matrix element, namely, |V#,V^*|, so that CP-violation 
in this channel is strongly suppressed in the SM. 

As has already been noted, b — > q£ + £~ decay is a promising candidate for establishing 
new physics beyond the SM. New physics effects manifest themselves in rare B decays in 
two different ways; either through new contributions to the Wilson coefficients existing in 
the SM, or through the new structures in the effective Hamiltonian, which are absent in the 
SM. Note that, the semileptonic b — > q£ + £~ decay has extensively been studied in numerous 
works [4]-[19], in the framework of the SM and its various extensions. Recently, the first 
measurement of the b — > s£ + £~ decay has been reported by BELLE [20] and is in agreement 
with the SM expectation. Therefore, this result puts further constraint on any extension 
of the SM. 

In the present work we examine CP violating effects for the case when one of the leptons 
is polarized, in model independent framework, by taking into account a more general form 
of the effective Hamiltonian. It should be noted here that similar calculation has been 
carried out in the SM in [21]. 

One efficient way in establishing new physics beyond the SM is the measurement of the 
lepton polarization [22]-[33]. This issue has been studied for the b — > st + t~ transition 
and B — > K*£ + £~, B — > K£ + £~ decays in a model independent way in [27] and [32, 33], 
respectively. 

The paper is organized as follows. In section 2, using the most general form of the four- 
Fermi interaction, we derive model independent expressions for the CP violating asymmetry, 
for polarized and unpolarized leptons. In section 3 we present our numerical analysis. 
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2 The formalism 



In this section we present the necessary expressions for CP violating asymmetry when 
lepton is polarized and unpolarized, using the most general form of four-Fermi interactions. 
Following [25, 27], we write the matrix element of the b — > d£ + £~ transition in terms of the 
twelve model independent four-Fermi interactions 



\J2tx [ q q 

+ c L ° R d Llll b L l Rl n R + c RL d Rlll b R l Ll n L + c RR d Rllx b R I Rl n R 

+ C LRLR d L b R I L £ R + C RLLR d R b L £ L £ R + C LRRL d L b R I R £ L + C RLRL d R b L I R £ L 

+ Crda^bea^e + iC TE e^ a pd<j^bia a n^ , (1) 

where L and R stand for the chiral operators L = (1— 7s)/2 and R = (l+7 5 )/2, respectively, 
and Cx are the coefficients of the four-Fermi interactions. The first two terms, Csl and 
Cb R are the nonlocal Fermi interactions which correspond to —2m s C?^ and —2m b C^ in 
the SM, respectively. The next four terms are the vector type interactions with coefficients 
C L °l, C L ° R , C R l and C RR . Two of these vector interactions containing the coefficients C L °[ 
and C l £ R do already exist in the SM in the forms — Cio and + Cio, respectively. 
Therefore C L °l and C L ° R can be represented as 

ytot _ r< e ff 



°LL — °9 ~~ °10 + ^LL , 
rrtot /nre// _i_ /m , /m 



where Cll and Clr describe the contributions of new physics. The following four terms with 
coefficients Clrlr, Crllr, Clrrl and C R l R l describe the scalar type interactions, and the 
last two terms with the coefficients Cx and Cte are the tensor type interactions. It should 
be noted here that, in further analysis we will assume that all new Wilson coefficients are 
real, as is the case in the SM, while only Cg contains imaginary part and it is parametrized 
in the following form 



C e 9 ff = 6 + A„6 , (2) 



where 



and 



x V ubVud 

u v tb v* d 



6 = 4.128 + 0.138co(s) + g(m c , s)C (m b ) - ^g(m d , s)(C 3 + C 4 ) 

- \g(m b , s)(4C 3 + 4C 4 + 3C 5 + C 6 ) + ^(3C 3 + C 4 + 3C 5 + C 6 ) , 
6 = [fi-(m c , s) -5((m u ,s)](3Ci + C 2 ) , (3) 
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where m q = rriq/mb, s = q 2 , Co(p) — 3Ci + C2 + 3C3 + C4 + 3C5 + Cq, and 

u(i) = _ i« 2 (i) - § K i) K i - s) - K i - s) 

2s(l + s)(l-2s) 5 + 9s - 6s 2 

3(1 - s) 2 (l + 2s) n(Sj + 3(1 - s)(l + 2s) ' U 

represents the 0(a s ) correction coming from one gluon exchange in the matrix element 
of the operator Og [34], while the function g(rh q ,s) represents one-loop corrections to the 
four-quark operators 0\-Oq [35], whose form is 

8 8 4 2 

g(m q , s) = -- \n(m q ) + — + -y q - - (2 + y q ) 



- yl\l-y q \\9{\-y q ) 



J 1 + ^IZh)-in 



+ 9(y q - 1) arctan y ^-^j j | . ( 5 ) 



where y q = 4m 2 q /s. 

In addition to the short distance contributions, B — > X d i + i~ decay also receives long 
distance contributions, which have their origin in the real uu, dd and cc intermediate states, 
i.e., p, uj and J/ijj family. There are four different approaches in taking long distance 
contributions into consideration: a) HQET based approach [36], b) AMM approach [37], 
c) LSW approach [38], and d) KS approach [33]. In the present work we choose the AMM 
approach, in which these resonance contributions are parametrized using the Breit-Wigner 
form for the resonant states. The effective coefficient Cg ff including the p, u and J/ip 
resonances are defined as 

C 9 e// = CM + Y res (s) , (6) 

where 

r~ - -|{ (c»W + a, m + cm) 

The phenomenological factor has the universal value for the inclusive B — > X s £ + £~ 
decay Ki ~ 2.3 [39], which we use in our calculations. 

As we have already noted, CP asymmetry can appear both for cases when lepton is 
polarized or unpolarized, and hence, along this line, we will present the expressions for the 
differential decay rate for both cases when the lepton is polarized and unpolarized. Starting 
with Eq. (1), after lengthy calculations we get the following expression for the unpolarized 
decay width: 

£ = ^IWSWM,0).A W , (8, 



where s = g 2 /m 2 , v = y 1 — 4m 2 /s is the velocity of the final lepton, ifi£ = rrii/mb, and 
A(a, b, c) = a 2 + b 2 + c 2 — 2ab—2ac—2bc is the usual triangle function. The explicit expression 
of the function A(s) can be written as 
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A(s) = 16(1 - s) Rel ^(2m^ 2 + s)(2 + s 



\C 



BR\ 



8s(|C 3 



4IC- 



o on 

- T (2m 2 + s) (c£« + Clt) C* BR - -in,(2 + s) (C T - 2C TS ) C£ 

- ^[2S(m 2 - S) - (2m 2 + I)] (|^| 2 + |C^| 2 + |C^ L | 2 + \C RR \ 2 ) 

- 2(2m 2 — s) (\Clrlr\ 2 + \Crllr\ 2 + \Clrrl\ 2 + |Crl_rl| 2 ) 



+ 8r ^£ [ 2 \C£ L (C^ R )* + C RL C* RR j - (C LRL rC* lrrl + C RLLR C* RLRL ) 

- 4m e (C^l - C£%) (C* LRLR - C* LRRL ) + (C R l - C^) {C* rllr - C* RLRL ) 

— 12 (c£i + (Cy — 2Cte) — 12 (C_rl + C RR ) (C£ + 2C^ E ) 



(9) 



Our result agrees with the one given in [25] , except the term multiplying the coefficient 
Ng(s) in [25]. The differential decay width for the CP conjugated process can be obtained 
from Eq. (7) by making the replacement 



A -> A, i.e., C, 



eff 



6 + 



c e 9 ff = 6 + a;& . 



The lepton polarization has been firstly analyzed in the SM in [33] and [40], where it has 
been shown that additional information can be obtained about the quadratic functions of the 
Wilson coefficients , and C w . In order to calculate the final lepton polarization, 
we define the orthogonal unit vectors e^, &r and eV in such a way that, in the rest frame 
of leptons they can be expressed as 



S L — 


(0,e L ") 


■('&)■ 


b N — 


(0, e^j 


V IPs X P- \ 


Srp 


(0, &t ) 


= (0, e N x e L ) 


S L — 


(0,e L + ) 


-(*fc)- 


b N — 


(o,3v) 


_ L PsXP+ 
\ ' IPs x P+| 




(0, e^) 


= (0, x e£) 



where p_, p + and p s are the three-momenta of the leptons £~, £ + , and the strange quark in 
the center of mass frame (CM) of £~ £ + , respectively, and the subscripts L, N and T stand 
for the longitudinal, normal and transversal polarization of the lepton. Boosting the unit 
vectors and s£ corresponding to longitudinal polarization by Lorentz transformation, 
from the rest frame of the corresponding leptons, to the i~ £ + CM frame, we get 



\p- 1 Ep. 



cm I m ( ' mi \p. 
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while s^ 4 and s^ are not changed by the boost. 

The differential decay rate of the b — > d£ + £~ decay, for any spin direction n T of £ T , 
where n T is the unit vector in the rest frame of £ T , can be written in the following form 



ds 2 (is o 



i + (pm + + p^) 



n 1 



(11) 



where (dT/ds)o corresponds to the unpolarized differential decay width (see Eq. (8)) for 
the b — >■ d£ + £~ decay. The differential decay width for the b — > d£ + £~ decay can simply be 
obtained by making the replacement 

dT(s,n T ) dT^s,^) 



ds 



ds 



where dT /ds is obtained from dT / ds by replacing Cg 
The polarizations Pl, Pn and Pt are defined as 



6 + A„6 to c e 9 ff = 6 + Kb 



ds 



in' 



en- 



dT ^ 



ds 



In 



-eT) AT 



dT 

ds 



+ 



dT 

ds 



-e; 



A ' 



(12) 



with i — L, N, T. 

The explicit expressions for the longitudinal polarization asymmetries P£ and P£ are 



32(1 - s)v 



Re 4 (c% - CTr) C* BR 



- -(1 + 2s) (|Cit| 2 - |Ci°A| 2 + \C RL \ 2 - \C RR \ 2 - 12%C T C* T 

+ gm,(2 + s) (C r - 2C TB ) C£ fl + 2m e [ (c% - C&) (C^u* + C^ RL ) 
+ (C«l - Cjjfl) {C* RLLR + C* RLRL ) - 4 (3C££ - C£°£) (C£ - 2C£ E ) 

— 4 (C^l — 3C RR ) (Ct + 2C^ E ) — s(\Cl R l R \ 2 — \Cl RR l\ 2 

+ \C R ll R \ 2 — \C R l R l\ 2 + 128C£Ct.e) j, 



and 



32(1 - s)v 



Re - 4 (Ci°2 - C&) 



+ -(1 + 2S) (|C 



tot 1 2 
LLl 



\s~itot\2 , l/m |2 l/m |2 , inn/i -^r* \ 



+ gm,(2 + s) {C T - 2C TE ) C* BR + 2m t [ (p™ - C L ° R ) {C* LRLR + C* LRRL ) 
+ {Crl - C RR ) {C* rllr + C* RLRL ) + 4 (C L °l - 3C L ° R ) {C T - 2C TE ) 



+ 4 {3C RL - Cr R ) {C* t + 2C TE ) ] - s(\C LRLR \ 



+ \Crllr\ 2 — \Crlrl\ 2 + 128C t Cte 



The normal asymmetries, P N and P£, are; 



+ 8m, C L °l{C L ° R )* — C RL C* RR — 2 {C LRLR + C LRRL ) {C T — 2C T£; ) 
— 2 {Crllr + Crlrl) {C t + 2C TE ) + 4 {Clrlr + Clrrl) C br 



\C 



LRRL\ 



— 2 {Crllr + Crlrl) {C t + 2C TE ) + 4 

+ ^LL^LRRL + °Li? ( 



"+" ^LL^LRRL + ^LR^LRLR + ^RL^RLRL + ^RR^RLLR 

•) J — t- (Ct - 2C T s) C# r > , 



{Clrlr + Clrrl) C* br 
CrrC* rllr - 4Cr L (C t + 2C T£; ) 



= - M1 im{§A, (eg - cs) c M 

+ 8m^ — C L [{C L ° R )* + CrlC* rr + 2 {Clrlr + Clrrl) {C t — 2C TE ) 



{C 



LRLR 



+ c 



l iuil) C* br 

tot 



+ 2 {Crllr + Crlrl) {C t + 2C TE ) 

+ ^LL^LRLR + ^LR^LRRL + ^RL^RLLR + ^ RR^ RLRL + 4 °LL l°T _ ZO TbJ 

i 16 * 1 

+ 4Cr^ (C t + 2C TB ) + —Crr {C t — 2C TE ) > . 

The transverse asymmetries, Pf and P^, are; 

P T - = Rej - *m,|C BR | 2 + 4m, + C£ fl 

- 2(1 + s)m, (|Ci°2| 2 - |CW| 2 ) + 4m,s[ - Cft*(C£*)* + C RL C* fi 
+ 2 {Clrlr — Clrrl) {C t — 2C TE ) + 2 {Crllr — Crlrl) {C t + 2C TE ) 
+ 2(1 - s)m e (\C L ot R \ 2 - \C RL \ 2 ) - 2s {Clrlr ~ C L rrl) C br 

+ -(4m, 2 + s)C BR (C* - 2C TE ) + Am 2 t [C L ot L Cl RLR - C L ot R Cl RRL 
s L 

+ ^RL^RLLR ~ ^RR^RLRL ~ iZ< ^ LL l°T — ZL/ TE) + l ^RR V^T + /0 TB, 



+ 2 (2m 2 — s) C L ot L C* LRRL — C L ° R C* LRLR + C RL C* RLRL — C RR C* RLLR 
+ AC L ot R {C* T - 2C* TE ) - ACrl {C* t + 2C TE ) } + 256m,C T C TE | , 
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and 



P+ = Rej - ^|C BR | 2 + 4m, (tfg + C£ fl 

+ 2(1 - s)m, (iC'iH 2 - |C RR | 2 ) - Am^liC^r - C RL C RR 

+ 2 (Clrlr — Clrrl) (C-f ~~ 2C£ E ) + 2 (Crllr — Crlrl) {C t + 2C£ E ) 

- 2(1 + s)m t (JC^ 2 - |C RL | 2 ) + 2s (C LMfl - Clrrl) C* br 

+ - (4m 2 + s)C BR (C; - 2C TE ) + 4m 2 t [C%Cr LRRL - C L ot R Cl RLR 

S 

T ^RL^RLRL ~ ^RR^RLLR ~ ^ LR l°T — ZL/ TE) + l ^RL y^T + ZO TbJ 

+ 2 (2m 2 - s) C L ot L C* LRLR - C L ° R C* LRRL + C RL C* RLLR - C RR C* RLRL 

+ 4ci o 2 (c; - 2c* TE ) - 4c R r (c t + 2C; E ) 1 + 256m,C T C;J . 



It should be noted here that, these polarizations were calculated in [25], using the most 
general form of the effective Hamiltonian. Our results for P L and Pn agree with the ones 
given in [25], while the transversal polarizations and P? both differ from the ones 
given in the same work. In the SM case, our results for Pl, Pn and Pt coincide with the 
results of [21]. It is quite obvious from the expressions of Pj that, they involve various 
quadratic combinations of the Wilson coefficients and hence they are quite sensitive to the 
new physics. The polarizations Pn and Pt are proportional to me and therefore can be 
significant for r lepton only. 

Having obtained all necessary expressions, we can proceed now to study the CP violating 
asymmetries. In the unpolarized lepton case, the CP violating differential decay width 
asymmetry is defined as 

m _ [d§) ~[d§) Q _ A-A 

Acp{s) ~ 7dT\ — TdTY - aTa ' (13) 



where 



ds I „ \ ds 



dY _dT(b^ d£+£') dT _ dT(b -> d£+£~) 

- , ano, — — — 



ds ds ds ds 

and (dT/ds)o can be obtained from (dT/ds)o by making the replacement 

c e 9 ff = 6 + Kb - c e 9 ff = 6 + a;6 . (14) 

Using Eqs. (11) and (13), we get for the CP violating asymmetry 



A C p(s) = -4Im[A u ] 



A(s) + A(s) ' 



-2Im[A u ]|[| , (15) 



and S(s), whose explicit form we do not present, can easily be obtained using Eqs. (9) and 
(13). ^ 

In the presence of the lepton polarization CP asymmetry is modified and the source of 
this modification can be attributed to the presence of new interference terms which contain 
Cl^ (in our case C L °[ and C L °^). We now proceed to calculate this new contribution. 

In the polarized lepton case, CP asymmetry can be defined as 



ds 



s, n 



dS^ ] 



'dr\ (dv 

K ds) Q 



(16) 



ds 



where 



dT _ dT{b^d£ + £~{n-)) ^ d dT 
ds ds ds 



dT(b^ d£+(n+)£~) 
ds 



The differential decay width with lepton polarization for the b — > d£ + £~ channel is 
given by Eq. (11). Analogously, for the corresponding CP conjugated process we have the 
expression 



dT 

ds 



1 / (iT 

2 \ di 



;i7) 



With the choice n~ = n + , P^ can be constructed from the differential decay width anal- 
ogous to Eq. (12). At this stage we have all necessary ingredients for calculation of the 
CP violating asymmetry for the lepton £~ with polarization n = e*j. Inserting Eqs. (11) 
and (17) into Eq. (16), and setting n~ = n + , the CP violating asymmetry when lepton is 
polarized is defined as 



A 



1 dT 

2 I ~ds~ 



p; 



n 



CP 









K ds) 



1 + 



n) 



'dT\ (dT\ 
ds L [ds . 



Taking into account the fact that e£ N = —e L N , and ef = e T , we obtain 



iCP 



1 

- < 

2 



df 
ds 



o 



dT 

ds 



'dr\ dr 

K ds) 



± 



ds 



Using Eq. (8), we get from Eq. (18), 

A CP (n 



ds) „ 1 ~\ ds , 



P A 



o 



'dY_\ dr 

y ds) Q ' 



ds 



Te~) = - 



1 f A - A Ai =F A. 



± 



A + A A + A 



Ua cp (s)±6A* cp (s)} , 



(18) 



(19) 
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where the upper sign in the definition of SAqp corresponds to L and N polarizations, while 
the lower sign corresponds to T polarization. 

The 5A l CP {s) terms in Eq. (19) describe the modification to the unpolarized decay 
width, which can be written as 



We do not present the explicit forms of the expressions for 5S*(s), (i = L, N, T), since their 
calculations are straightforward. 

3 Numerical analysis 

In this section we will study the dependence of the CP asymmetries Acp(s) and SA l CP (s) on 
s at fixed values of the new Wilson coefficients. Once again, we remind the reader that in 
the present work all new Wilson coefficients are taken to be real. The experimental result on 
b — > 57 decay put strong restriction on Cbr, i.e., practically it has the same value as it has 
in the SM. Therefore, in further numerical analysis we will set Cbr = — 2Cy . Throughout 
numerical analysis, we will vary all new Wilson coefficients in the range —4 < Cx < 4. 
The experimental bounds on the branching ratios of the B — > K(K*)p + p~ [41, 42] and 
B — > p + p~ [43] suggest that this is the right order of magnitude for vector and scalar 
type interactions. Recently, BaBar and BELLE collaborations [40, 41] have presented new 
results on the branching ratios of B — > K£ + £~ and B — > K*£ + £~ decays. When these 
results are used, stronger restrictions are imposed on some of the new Wilson coefficients. 
For example, -2 < C LL < 0, < C RL < 2.3, -1.5 < C T < 1.5 and -3.3 < C TE < 2.6, 
and rest of the coefficients vary in the region —4 < Cx < 4. However, since the results 
of BaBar and BELLE are preliminary we will not take into account these results in the 
present analysis and vary all of the new Wilson coefficients in the region 4 < Cx < 4. 
Furthermore, in our analysis we will use the Wolfenstein parametrization [44] for the CKM 
matrix. The currently allowed range for the Wolfenstein parameters are: 0.19 < p < 0.268 
and 0.19 < rj < 0.268 [45], where in the present analysis they are set to p = 0.25 and 



We start our numerical analysis by first discussing the dependence of Acp on s at fixed 
values of Cj, i.e., C; = —4; 0; 4 which can be summarized as follows 

• For the b — > dp + p~ case, far from resonance regions, Aqp depends strongly on Cll. 
We observe that, when Cll is positive (negative), the value of Aqp decreases (in- 
creases), while the situation for the Clr case is the opposite way around (see Figs. 
(1) and (2)). If the tensor interaction is taken into account, A C p practically seems to 
be zero for all values of CV an d Cte- Furthermore, A C p shows quite a weak depen- 
dence on all remaining Wilson coefficients and the departure from the SM result is 
very small. 



SAhp(s) 



-4ImA M (5E*(s) 
A(s) + A(s) 




(20) 



77 = 0.34. 
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• For the b — > dr + r~ case, in the region between second and third resonances, Aqp 
is sensitive to Clr, Clrlr, Clrrl, Ct, and Cte, as can be seen from the Figs (3), 
(4), (5), (6) and (7), respectively. When Clr and Clrlr are positive (negative), they 
contribute destructively (constructively) to the SM result. The situation is contrary 
to this behavior for the Clrrl scalar coupling. In the tensor interaction case, in 
the second and third resonance region, the magnitude of Aqp is smaller compared 
to that of the SM result. But, it is quite important to observe that Aqp asymmetry 
changes its sign, compared to its behavior in the SM, when Ct (Cte) is negative 
(positive). Therefore, determination of the sign and magnitude of Aqp can give 
promising information about new physics. 

The results concerning 5A C p for the b — > dfi + fi~ decay can be summarized as follows: 

• In the region 1 GeV 2 /ml < s < 8 GeV 2 /m 2 , which is free of resonance contribution, 
CP asymmetry due to the longitudinal polarization of /i lepton is dependent strongly 
ovlCll-, and is practically independent of all remaining vector interaction coefficients. 
When Cll is negative (positive), 5 Aqp is larger (smaller) compared to that of the 
SM result (see Fig. (8)). 

• SA^p depends strongly on all scalar type interactions. As an example we present 
the dependence of 5A C p on Clrrl in Fig. (9). The terms proportional to tensor 
interaction terms contribute destructively to the SM result. 

For the b — > dr + r~ case, we obtain the following results: 

• SA^p depends strongly on the tensor type interactions and when Ct is negative 
(positive) it constructive (destructive) contribution to the SM result. For the other 
tensor interaction coefficient Cte, the situation is contrary to this behavior (see Figs. 
(10) and (11)). 

• Similar to the /z lepton case, 5Aq P is quite sensitive to the existence of all scalar 
type interaction coefficients. When the signs of the coefficients Clrrl and Clrlr are 
negative (positive) the sign of SAq P is positive (negative), in the region s > 0.6 (see 
Figs. (12) and (13)). Note that in the SM case the sign of 5Aq P can be positive 
or negative. Therefore in the region s > 0.6, determination of the sign of 5A^ P 
can give unambiguous information about the existence of new physics beyond the 
SM. For the remaining two scalar interaction coefficients Crlrl {Crllr), the sign of 
SA^p is negative (positive) (see Figs. (14) and (15)). Again, as in the previous case, 
determination of the sign and magnitude of 5A^ P can give quite valuable hints for 
establishing new physics beyond the SM. 

Since transversal and normal polarizations are proportional to the lepton mass, for the 
light lepton case, obviously, departure from the SM results is not substantial for all Wilson 
coefficients. On the other hand, for the b — > d£~£ + transition, SA l CP (i = T or N) is strongly 
dependent on Clr (see Fig. (16)), Cpp (see Fig. (17)) and scalar type interactions. Note 
that, the dependence of SA^ P on Ct and Cte is quite weak. 
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Finally, we would like to discuss the following question. As has already been mentioned, 
Aqp, as well as SAqp, are very sensitive to the existence of new physics beyond the SM. 
The intriguing question is that, can we find a region of Cx, in which Aqp agrees with 
the SM result while 5A C p does not. A possible existence of such a region will allow us to 
establish new physics by only measuring 5 Aqp- In order to verify whether such a region 
of Cx does exist or not, we present the correlations between partially integrated Aqp and 
S Aqp in Figs. (18)-(20). The integration region for the b — > dfi + ii~ transition is chosen 
to be 1 GeV 2 /ml < s < 8 GeV 2 /ml, and for the b — > dr + r~ transition it is chosen as 
18 GeV 2 /ml < s < 1. These choices of the regions are dictated by the requirement that 
Aqp and SAqp be free of resonance contributions. 

In Figs. (18)— (19) we present the correlations SA l CP and A % CP asymmetries, when one 
of the leptons is longitudinally polarized, for the and r lepton cases, respectively. In 
Fig. (20) we present the flows in the (Aq P and SAq P ) plane, when the final lepton is 
transversally polarized. From these figures we observe that, indeed, there exists a region of 
new Wilson coefficients in which A C p agrees with the SM prediction, while SA C p does not 
(in Figs (18)-(20), intersection point of all curves correspond to the SM case). 

The numerical values of SAq P and A^ P are very small and for this reason we do not 
present this correlation. As a final remark we would like to comment that, similar cal- 
culation can be carried out for the B — > p£ + £~ decay in search of new physics, since its 
detection in the experiments is easier compared to that of the inclusive b — > d£ + £~ decay. 

In conclusion, we study the CP violating asymmetries, when one the final leptons is 
polarized, using the most general form of effective Hamiltonian. It is seen that, SAcp 
and Aqp are very sensitive to various new Wilson coefficients. Moreover, we discuss the 
possibility whether there exist regions of new Wilson coefficients or not, for which Aqp 
coincides with the SM prediction, while 5A C p does not. In other words, if there exists such 
regions of Cx, this means new physics effects can only be established in 5Aqp measurements. 
Our results confirm that, such regions of Cx do indeed exist. 
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Figure captions 

Fig. (1) The dependence of Aqp on s for the b — > dfi + fi~ transition, at fixed values of Cll- 
Fig. (2) The same as in Fig. (1), but at fixed values of Clr- 

Fig. (3) The same as in Fig. (1), but for the b — > dr + r~ transition, at fixed values 
oiC LR . 

Fig. (4) The same as in Fig. (3), but at fixed values of C LRRL . 
Fig. (5) The same as in Fig. (3), but at fixed values of Clrlr- 
Fig. (6) The same as in Fig. (3), but at fixed values of Ct- 
Fig. (7) The same as in Fig. (3), but at fixed values of C TE - 

Fig. (8) The dependence of 5Aq P on s for the b — > dji + ji~ transition, at fixed values 
of Cll, when one of the final leptons is longitudinally polarized. 

Fig. (9) The same as in Fig. (8), but at fixed values of C L rrl- 

Fig. (10) The same as in Fig. (8), but for the b — > dr + r~ transition, at fixed values 
of C T . 

Fig. (11) The same as in Fig. (10), but at fixed values of C T e- 
Fig. (12) The same as in Fig. (10), but at fixed values of Clrrl- 
Fig. (13) The same as in Fig. (10), but at fixed values of C L rlr- 
Fig. (14) The same as in Fig. (10), but at fixed values of Crlrl- 
Fig. (15) The same as in Fig. (10), but at fixed values of C RL lr- 

Fig. (16) The same as in Fig. (10), but when one of the final leptons is transversally 
polarized, at fixed values of Clr- 

Fig. (17) The same as in Fig. (16), but at fixed values of C RR . 

Fig. (18) Parametric plot of the correlation between the partially integrated A^ p and 
SAqp as a function of the new Wilson coefficients Cx, for the b — > dfi + fi~ transition, when 
one of the final leptons is longitudinally polarized. 

Fig. (19) The same as in Fig. (18), but for the b — > dr + r~~ transition. 
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Fig. (20) The same as in Fig. (19), but when one of the final leptons is transversally 
polarized. 
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